In this work, research findings on processing bean seeds with sound waves in the range 0-9 kHz are presented. The process of germination has been examined for seeds soaked in heat treated water and plain water. In the initial stage, the conditions necessary to stimulate plant growth were created. The paper describes the experimental setup and the sound wave seed treatment procedure. The characteristics of the seed germination process were determined and compared with those of the control sample germination.
INTRODUCTION
Agriculture, as an important branch of economy, has to solve one of the major global problems of humanity, namely food security and environmental protection -a problem that has greatly worsened in recent years [1] [2] [3] . To find solutions and to establish a relationship of balance between nature and society, recent approaches to agricultural production aim to reduce and reverse environmental degradation processes [2] . In this context, it is of interest to create new methods of organic and no stressful treatment of agricultural cultures in all stages of development, in order to reduce the period of germination and enhance the immune system of plants. As an alternative to chemical stimulation methods in plant growth, the modulation of physical fields would help to avoid the pollution of food raw materials with toxic substances [4] [5] [6] .
EXPERIMENTAL SETUP
The veracity of the results obtained from experiments made on agricultural cultures largely depends on the selection of the samples for testing. Beans of the Pink variety (Phaseolus vulgaris) were chosen for the present study. Initially, the seeds were thermostated at 10 °C up to a relative humidity of 10%. For research purposes, seeds of regular shape, characteristic of the variety and weighing 0,001 g mass within ± 2% deviation were selected. For treating the seeds with sound waves, a setup has been designed, produced and used, as shown in Figure 1 .
On a fixed support 1, a cylinder 2 is installed, the inner surface of which is covered with a sound wave absorbent layer 3. The seeds are put on the support 4, which is a movable metal grille that can be fixed in a certain position with the screw 5. The surface is coated with a porous material 6, which allows good air circulation in the cylinder. All seeds 7 subjected to treatment are put on the carrier in the same position, which cannot be changed during the process of the treatment. On top of the cylinder, a speaker 8 is set and connected to the sound generator 9.
The specifics of the installation consist in forming a flow of sound waves oriented towards the seeds, avoiding the occurrence of reflection and resonance phenomena. 9 seeds were selected for the treatment. Initially, a certain direction was determined for the seeds , then they were positioned on the surface of the mobile support 5 and subjected to the action of sound waves of a certain frequency for 5 minutes each, on both sides. Further, the seeds were placed in separate cells, so that the seed axis direction was oriented to the north and were immersed into water. For the tests, plain water with known parameters and water subjected to heat treatment was used. For the purpose of the heat treatment, the water was kept in the freezer for 24 h and then thawed. Seed treatment was performed for 5 days; seed weight was determined relative to the initial mass at specific time intervals. During the treatment, measurements were made within 24 h, and the ranges where deviations appear from the characteristic dependence, measurements were performed in the range of 4 hours. The measurement was performed using a handling system that allowed moving the seed without changing its position in space. This method was carried out for not changing the position of the seeds in relation to the direction the magnetic field of the earth. The seed treatment was carried out under conditions of minimal fluctuation of the magnetic and electric fields and of background sound waves.
After germination, the seeds were planted in soil under laboratory conditions. Planting was carried out in such a way as to maintain the orientation of the beans, as well as the treatment phase with sound waves. Growth conditions were maintained within the temperature limits of 25 ± 1 °C and humidity of 65 ± 3%. For the exact determination of the strain height, an optical-mechanical cathetometer type KM-8 was used. The diameter of the plant stems was measured by a microscopic system for determining the horizontal linear dimensions, calibrated to an accuracy of 0.001mm.
RESULTS AND DISCUSSION

Influence of sound waves on the germination process
A key feature of living organisms is the ability to react and respond to different physical incentives. Analyzing the results, we find that there is no parallelism between water absorption and the nature of the physical factor, each having specific laws of penetrating the bean seeds. The figures below present the dependence of seed mass change on treatment time for the seeds treated with different frequencies and soaked in plain water and heat-treated water. For estimating the biological activity of the seeds, the mass increase was assessed according to the relation: δ= Δmi/mi,
where Δmi represents the difference between the mass obtained at the time of measurement mi and the weight value mi-1 of the previous one.
Δmi = mi-1 -mi (2) Figure 2 illustrates the dependence of δ = f (t) for the seeds soaked in plain water and in heat-treated water. The figure shows that the seed mass increased the most after the first 24 hours of soaking the seeds in water. Depending on the frequency, the mass of the treated seeds showed a different evolution as compared to that of the control sample.
The maximum difference was observed for the samples treated at a frequency of 1 kHz. After 48 hours of treatment, the mass increase was reduced for both plain water and treated water, in the most cases, δ is close to 0, except for the changes observe the frequencies of 1 kHz and 7 kHz. a b Fig. 2 . The dependence of mass variation as a function of time for the seeds: a-control sample, b -sample treated with 0.5 kHz frequency sound These parameters were determined similarly for acoustic frequencies of 0-9 kHz (Table 1) . It was found that the seeds treated with frequencies in the range of 3 ÷ 6 kHz gained in mass the most, whatever type of water was used. Water absorption capacity is an important factor, directly related to germination speed and seedling formation. During the next 36-48 hours, sound waves with specific frequencies have shown significant effects on biological and physiological seed activities. Therefore, applying acoustic waves to the seeds leads to hastening the germination process.
In the case of soaking the seeds in plain water, not all frequency ranges have demonstrated beneficial effects on the germination process: under the same treatment conditions, the seeds from the sets treated with 6-9 kHz showed cracked skin and some of them did not germinate. This is explained by the negative values of the turgor pressure, which leads to the peeling of the skin cell wall and favors the triggering of putrefaction process. In this way, it has been found that frequencies in the range of 6 to 9 kHz inhibit bean embryo development.
The negative effect of these frequency ranges is demonstrated through pH changes, from neutral, in the initial stage, to a basic one (8.5). Major effects of pH levels include gaps in the availability of nutrients and the presence of high concentrations of minerals that are harmful for the seeds and embryos.
Influence of sound waves on the process of growth
As in the case of the germination process, different effects were remarked depending on the frequency range used for seed treatment and the type of water used to soak the beans in. Thus, the sets of seeds soaked in heat treated water recorded the shortest time of germination, with a germination and emergence rate of 100% compared to the control groups. Figure 4 presented the dynamic growth of bean plants according to the treatment to which the seeds were subjected, and the type of water in which they were initially soaked up to the point of germination. From the diagram, it is observed that the sample sets soaked in plain water reached maximum productivity, compared to the control group, only when treated in the 2-5 kHz frequency range. The sets soaked in heat-treated water showed significant results when compared with the control sample for the range of 1-7 kHz frequency. Significant results of the effects of sound waves were also observed on the increase in strain diameter (Table 2) .
At the same time, it has been found that high frequency sound waves can harm adequate growth and development of the plant. Thus, the groups treated with frequencies in the range of 7-9 kHz developed at a slower rate, the plants were feeble, some of them even died after a short period of time. 
CONCLUSIONS
The experimental results obtained show that sound frequencies, as well as the type of water used for the treatment, influence the biological and physiological activities of bean seeds. In comparison with the sample sets soaked in plain water, those immersed in treated water reached a germination and emergence rate of 100% as opposed to 60%. Also, a reduction of the germination period and an increase of the productive potential of the seeds treated in the 2-6 kHz acoustic frequency range and soaked in thermally treated water were recorded. However, sound waves with frequencies above 8 kHz prevented the harmonious development of the cultures, during the germination and the growth stage, some of them even died. Using this method in agricultural production will allow obtaining intense and qualitative productivity with no impact on the environment.
